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ABSTRACT

The residual activity and rate of dissipation of soil-applied herbicides

are important factors in modern agricultural crop production; impacting
herbicide efficacy, rotational crops, production economics and the
environment. Field and laboratory experiments were conducted in 1992 and

1993 at the University of Tennessee Plant Sciences Field Laboratory in
Knoxville, to examine the comparative residual concentration and activity of

several corn and soybean herbicides, and the effect that a crop has on their

dissipation. The site was of the Sequatchie loam soil series (fine-loamy,
siliceous, thermic, Humic Hapudult) pH. 6.1 and 1.6 % organic matter (21).

The site had a naturally occurring infestation (> 100 plants per m^j of
common cocklebur (Xanthium strumarium L.). which was used as the

indicator species in the weed response measurements. The study utilized a
split-plot design. Herbicide treatments were replicated four times, and
randomized within crop blocks. Whole plots were crop (corn, soybean, nocrop) and sub-plots were herbicide treatment. All plots were sampled

approximately 0, 1,2, 3, 4, 6, 8, and 12 wk after application at the 0 to 8
cm soil depth. Measurements of weed control (weed density, height and

biomass) were taken at approximately 4, 6, and 8 wk after application.

Weed response data indicated that imazaquin, atrazine, and cyanazine

controlled common cocklebur better than did clomazone and metribuzln. Soil

samples were extracted and quantified using high performance liquid
chromatography (HPLC). Each crop + herbicide treatment was treated as
an individual regression line, and herbicide dissipation was examined by

comparing half-life (DTgo) values. Atrazine, metribuzln, and clomazone halflives were averaged over treatments and seasons and were approximately
27, 22, and 55 days respectively, when determined by

empirically fitting

the first order degradation model to the data, and 25, 23, and 44 days
respectively when determined by the best fit of the linear quadratic formula.

DTgo values determined for atrazine and metribuzln are in agreement with
previous studies that place atrazine DT50 in the 18 to 25 day range, and
metribuzln half-life in the 16 to 50 day range. Atrazine and metribuzln

dissipation was more rapid in no-crop plots than in corn or soybean plots in
1993, indicating a relationship between herbicide dissipation and crop
presence. Moisture data collected in 1993 revealed that no-crop plots had

consistently higher moisture contents than either corn or soybean plots.
Soybean and corn appeared to remove more water than the

vegetation,primarily common cocklebur, in the no-crop plots. High
temperatures and low soil moisture combined to possibly inhibit soil

microbial activity, thus suppressing atrazine and metribuzln degradation in

the 1993 growing season. Clomazone DT50 values determined in this study
vi

differ from earlier studies that place the DT50 of clomazone in the 15 to 45

day range. This might be due to differences in both the application method
(PRE vs PPI) and environmental conditions or the analytical method (bioassay
vs chemical extraction). The effect of a soybean crop on clomazone

dissipation remains unclear. However, positive correlations were made
between cocklebur growth (density, height, biomass) and crop presence,

indicating that there is a direct relationship between herbicide dissipation and
crop presence. Relative dissipation based on chemical analysis was atrazine
= metribuzin > clomazone. Few significant correlations existed between

herbicide DT50 values and herbicide concentration to cocklebur growth,
although one would expect DT50 to be an index of activity.
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CHAPTER I

INTRODUCTION

Modern agriculture relies heavily on herbicides to economically
produce many products. Therefore, modern agriculture must consider

herbicide dissipation and the implications it has with respect to agricultural

production, economics, and the environment. Ideally, herbicides must have
residual activity of sufficient duration to eliminate weed interference, yet
pose minimal threat to non-target species or future crops. Herbicide

dissipation is a complex topic. In the broadest sense, it is the sum total of
all degradation and transport processes; which themselves are controlled by
the complex interactions between the herbicide, soil, soil biota, and

environment. It is generally accepted that most field crop herbicide residues
do not accumulate in surface soil, even with repeated use (67). However,

short term residual problems do exist. Therefore, the main emphasis in

herbicide dissipation is to discover those compounds and environmental
conditions that have the potential to affect these short term problems, and
to identify the major mechanisms associated with them.

Microbial and Chemical Dissipation

Soils provide the ideal environment for many degradative processes,

particularly microbial and chemical. Microbial degradation is considered to

be the primary loss mechanism for most herbicides in soil (19). Soil pH, soil
moisture, and soil temperature all play important roles in encouraging a

diversity of soil microbial species. Soil moisture affects not only the
moisture available to the microbes themselves, but also affects other

important growth factors, such as soil aeration, the nature and quantity of
soluble materials (food), as well as osmotic pressure and soil pH which are

both important for microbial cellular integrity (50). In general, microbial

activity in soil is optimal when soil moisture is near -0.01 MPa, and
decreases as the soil becomes either waterlogged or dry (50). Roeth and
others observed up to a six-fold increase in atrazine dissipation in soils when
moisture contents were raised from 40% to 80% of field capacity (54).

Soil temperature plays a large role in microbial activity. It is generally
accepted that soil microorganisms function best when the soil temperature
ranges from 25 C to 35 C range (50). The abrupt decline in microbial
activity beyond 35 C is due to thermal denaturation of proteins in microbial

cell membranes resulting in loss of cellular integrity. Roeth et al
demonstrated that atrazine dissipation increased two to three times for every

IOC increase in soil temperature up to 35 C (54). Soil temperature is

affected by the intensity and reflectance of solar radiation, which is itself
affected by aspect (south face, etc...), steepness of slope, degree of

shading, and surface cover (55). It is difficult to determine the interactions
of various environmental factors influencing microbial processes.

Although microbial degradation is often prominent in herbicide
dissipation, it does not act alone. Herbicides undergo many soil
transformations. Hydrolysis can be a dominant mechanism for herbicide

dissipation in some circumstances. The hydrolysis of selected functional

groups on some compounds is required prior to microbial degradation (72).
Functional groups potentially susceptible to hydrolysis include amino,
carbonyl, epoxide, alkyi and aryl halides, and aliphatic, aromatic, and

phosphorus esters (35). In soil, hydrolysis can be biologically mediated or
abiotic. For the former, hydrolysis is often proportional to microbial
biomass, while an inverse relationship between soil pH is most often

observed for the latter. Soil pH can influence hydrolysis of herbicides either

directly if the reaction is pH dependent, or indirectly by influencing herbicide
sorption to soil particles and/or organic matter. Mayer et al. found that as
atrazine and chlorthiamid sorption increased, hydrolysis of the compounds
decreased, and thus their persistence increased in soil (39). Lightfoot et al.
found that dissipation of adsorbed atrazine, aldicarb, aldicarb sulfoxide, and

aldicarb sulfone in sterile soil, proceeded more rapidly than in solution,

perhaps by a soil surface catalysis (31). This surface catalysis was
described for the triazine herbicides by Russell (56). He reported that when
a triazine herbicide enters into a hydrogen bond with a soil constituent

( clay, OM etc...) the ring is protonated, resulting in a change in the physical
conformation of the molecule. When this happens, the C-Cl bond is
susceptible to hydrolysis.

Dissipation and Crop Effect

The effect of a crop in herbicide dissipation is unclear. Sikka and
Davis discovered that atrazine dissipation increased in soil where corn or

sorghum were growing as compared to fallow soil (61). Birk and Roadhouse
found just the opposite (11). Herbicide dissipation between soils with

actively growing wheat or corn did not differ from bare soil, even though in
some cases microbial activity was enhanced in the crop rhizosphere (47,60).
We can assume that crop presence has the potential to modify
environmental factors (soil moisture and temperature) that impact soil

microbial populations. Thus, crop effect with regard to herbicide dissipation
rate will vary between soils, locations, and growing seasons.

As has been stated, herbicide dissipation is a very complex topic,

which is affected by many interdependent environmental factors specific to
location and season. This study addresses crop effect in herbicide

dissipation, and makes a comparison of the dissipation rates for selected
corn and soybean herbicides at one location over two growing seasons.

CHAPTER II

LITERATURE REVIEW

Atrazine Dissipation

Atrazine, ([6-chloro-N-ethyI-N'-(1-methy!ethyl)-1,3,5-triazine-2,4diamine]), is a broad spectrum herbicide used in corn and grain sorghum to

control both broadleaf and grassy weeds, and can be applied either PRE, PPI,
or early POST (1). Atrazine is a photosynthetic inhibitor (7).

Plants

exposed to lethal concentrations of atrazine exhibit foliar chlorosis followed
by whole plant necrosis. Normal application rates of atrazine fall within the

1.12 to 4.48 kg ai ha"^ range. Atrazine has a water solubility of 33 ppm @
27 C, and a vapor pressure of 3.0 x 10^ mm Hg @ 20 C (1).
Atrazine dissipation is usually inversely related to soil pH. Kells et al.

(26) noted that atrazine degradation occurred more rapidly when surface
soils had a pH < 5. The triazine herbicides undergo surface-catalyzed
hydrolysis, which is enhanced at low soil pH (56). Hiltbold and Buchanan
reported that atrazine dissipation rate decreased as soil pH increased, with

atrazine DTgo values of 18, 20, and 23 d for soil pH's of 5, 6, and 7
respectively (23). Additionally, they found that apparent dissipation

decreased with an increase in application rate from 19 d at 1.12 kg ai ha'' to
25 d at 3.36 kg ai ha"'.

Tillage systems also affect herbicide dissipation. Based on an Indiana
study, Bauman and Ross (10) concluded that some conservation tillage

systems can prevent as much as 30% of the herbicide from reaching the soil
surface, accounting for more residual atrazine in conservation tillage plots
than in conventional plots, although residual atrazine was insufficient to
produce a biological response. Atrazine dissipation may increase two to
three times for every IOC rise in temperature of surface soil (54). Roeth et

al. also observed up to a six-fold increase in atrazine dissipation in soils

having moisture contents of 40 to 80 % field capacity (54). Roeth's study
is representative of the effect that soil conditions have on microbial activity
(eg. warm, moist conditions usually promote rapid herbicide dissipation).

Metribuzin Dissipation

Metribuzin, (4-amino-6-(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-

5(4H)-one), is a selective, photosynthetic inhibitor, asymmetrical triazine
herbicide used in soybean, potatoes, sugarcane, citrus and other crops, for

the control of annual grasses and numerous broadleaf weeds , including
common cockiebur, velvetleaf and jimsonweed (3,5).

Metribuzin has a

vapor pressure of < 1x10"® mm Hg @ 20 C, and a water solubility of 1200
ppm @ 20 (5). Metribuzin can be applied PRE, early POST, and PPI.

Normal application rates are 0.3 to 1.1 kg ai ha"^ (5). Sharom and

Stephenson observed that metribuzin DT50 ranged from 2.5 to 4 mo in eight
soils from Ontario, Canada (59). These soils ranged from 1.7 to 62.8%
organic matter and 5.2 to 7.2 pH. They also reported that metribuzin
mobility was inversely correlated to soil organic matter, and that dissipation
was dependent on microbial degradation. Savage reported that metribuzin

dissipation fit first order kinetics, with DT50 values ranging from 17 to 28 d
on six Mississippi soils (pH 5.2 to 7.1 and organic matter of 0.2 to 4.2%)
(58). Dissipation also was more rapid at 30 C than at 20 C and was
dependent on microbiological activity. Ladle et al. observed that, like
atrazine, metribuzin dissipation rate increased as pH decreased (28,29).

They also observed that persistence increased with soil depth. They
reported metribuzin half-life values of 18 to 55 d in surface soil. Hyzak and

Zimdahl, using two Colorado soils, reported metribuzin DTgo's of 329, 44,
and 16 d, when temperature was held constant at 5 C, 20 C, and 35 C,

respectively (24). Metribuzin remained in the top 5 cm of their soil profiles,
and field dissipation was similar to that in laboratory experiments held at

20 C. Jones et al. reported that metribuzin dissipation was unaffected by
wheat straw cover, tillage or irrigation (27). They also noted slower

metribuzin dissipation in subsurface soil zones, and that metribuzin mobility
was greater in no-tillage than in conventional tillage.
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Cyanazine Dissipation

Cyanazine, (2-[[4-chloro-6-(ethylamino)-1,3,5-triazin-2-yl]amino]-2-

methylpropane^itrile), is a triazine herbicide used to control annual grasses
and broadleaf weeds in corn, grain sorghum, and cotton (4). Normal PRE

rates for cyanazine in corn range from 0.7 to 1.54 kg ai ha"\ Cyanazine has
a vapor pressure of 1.6 x 10 ® mm Hg @ 20 C, and a water solubility of 160
ppm @ 23 C (4). Cyanazine is also a photosynthetic inhibitor (3). Sirons,
Frank, and Sawyer proposed that hydrolysis was the major loss mechanism
for cyanazine in a clay loam soil (63). Brown et al. observed that cyanazine
hydrolysis decreased as temperature decreased, pointing to a biological
source of dissipation (12). Based on a greenhouse bioassay using oats as
the indicator species, Majka and Lavy, observed that cyanazine activity was

no longer detectable 20 d after application (36). Dissipation was
independent of temperature in the range of 20 to 50 C. However, cyanazine
dissipation was reduced at 5 C.

Libik and Romanowski observed no injury

to cucumber, rye, tomato, or watermelon planted in soil 4 and 12 mo after

cyanazine application (30), indicating that cyanazine does not persist to
injure rotational crops.

Clomazone Dissipation

Ciomazone, (2-[(2-chlorophenyl)methyl]-4,4-dimethyl-3isoxazolidinone), is a selective herbicide used in soybean, pumpkin, sweet
potatoes, and cotton, for the control of many annual grasses and some
broadleaf weeds (velvetleaf, lambsquarters, spurred anoda, etc...) (2).

Clomazone has a water solubility of 1100 ppm @ 25 C, and has a vapor

pressure of 1.44 x 10"* mm Hg @ 25 C. Clomazone can be applied either
PRE or PPI (2). Incorporation after application reduces volatility losses.
Normal rates of clomazone are from 0.56 to 1.12 kg ai ha"^ (2). Gallandt et
al. observed clomazone DT50 values of 33 d on a loam soil (pH 8.0, and

1.6% organic matter) and 37 d on a silty clay loam soil (pH 8.1, and 2.3%
organic matter) (18). Loux et al. observed clomazone half life to be 22 d in

a silt loam soil (1.3% organic matter) and 50 to 60 d in a silty clay loam
(5.8% organic matter) (32,33). They also detected clomazone 3 yr after
application in the silty loam soil. Both Gallandt and Loux used an oat

bioassay to detect clomazone. Mills et al. working in Kentucky, observed

rapid loss of clomazone under no-tillage (DT50 = 6 to 16 d ), and gradual
loss of clomazone under conventional tillage (DT50 = 18 to 34 d )(45).
Ciomazone concentrations on the day of application were 41 to 45% less in
no-tillage plots than in conventional tillage plots. Since both applications

were PRE, large quantities of wheat straw mulch in the no-tillage plots
10

probably intercepted clomazone. Additionally, they found that clomazone

controlled common cocklebur 50 to 70% in no-tillage plots and 80 to 90%
in conventional plots; the reduced efficacy resulting from reduced
clomazone in the no-tillage plots. In an additional study conducted by Mills

and Witt, clomazone DTgo was 10 d, and common cocklebur control ranged
from 46 to 84 % (46).

Sims and Guethle observed that clomazone PRE

controlled common cocklebur > 90% at both 0.56 and 1.12 kg ai ha"'' (62).

Imazaquin Dissipation
Imazaquin, (2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1 Himidazol-2-yl]-3-quinolinecarboxylic acid), is a selective herbicide used in
soybeans to control broadleaf weeds, some grasses, and nutsedge. It can

be applied PPI, PRE, or POST (4). The normal use rate for imazaquin is 0.14

kg ai ha"^ . Imazaquin has a vapor pressure of < 2 x 10"® mm Hg @ 45 C,
and a water solubility of 600 ppm (3 25 C (4). Cantwell et al. examined
biodegradation as a primary means of imazaquin dissipation (14). They

discovered that imazaquin degradation proceeded faster in non-sterile soil

than in sterile soil. Soils with higher organic matter content had slower
imazaquin dissipation. After 12 wk of incubation, 42 to 70% of applied

radioactive imazaquin was extractable from soil.

Further,

evolution

followed first-order kinetics during the incubation period. DT50 values for
11

imazaquin could not be determined based on

evolution because

radioactive carbon was partitioned into degradation metabolites and

unextractable soil residues as well as

Imazaquin persistence is

reduced in the presence of warm-moist surface soil conditions. Basham and
Lavy reported rapid loss of Imazaquin when soil was held at 35 C and

-33 kPa, and that dissipation was slow at 18 C and -100 kPa (9). They
monitored

evolution over an 8 mo period. Imazaquin loss was from 66

to 100% on a silt loam soil (1.7 % OM) over the incubation period. In

Kentucky, Mills and Witt found imazaquin DT50 to be 43 d on a silt loam soil
(6.4 pH and 3.2 % OM) averaged over two growing seasons (46).

Response of Common Cocklebur to Soil-Applied Herbicides
Common cocklebur (Xanthium strumarium) is a troublesome summer

annual weed belonging to the family " Compositae ". It can grow to 2 m in
height, has a woody stem, stout tap root, and produces numerous spiny

seed pods that mature between late August and October. Common
cocklebur is native to Eurasia, Central America, and the Mississippi Valley

region of North America. It can be found in cultivated fields, abandoned

land, poor pastures, roadsides, and waste places from southern Canada
throughout the United States to Mexico (6).
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Krueger et al. reported 92% (22 DAT), 91% (36 DAT), and 86%

(DAT) common cocklebur control with atrazine at 2.24 kg ai ha"^ applied PRE
(27). Stevens observed that atrazine controlled common cocklebur > 90 %

when applied at a rate of 1.26 kg ai ha'^ (64). Fishel and Coats determined
that common cocklebur was controlled 83 to 90 % through 6 WAT with a

PRE application of 1.36 kg ai ha"^ (17). In most cases, atrazine provides
excellent initial common cocklebur control, but plants begin to escape
control 4 to 6 WAT.

Overton et al. reported PPI metribuzin controlled common cocklebur

53 to 60% at 0.42 kg ai ha"^ and 73 to 88% at 0.56 kg ai ha'^ 5 WAT (48).
McCarty and Talbert reported > 90 % control of common cocklebur at 0.28

kg ai ha"'' (1/2 X rate) of metribuzin at 2 WAT (40). McWhorter and
Barrentine observed 72 to 99 % control of common cocklebur by metribuzin

at the 1.12 kg ai ha"^ rate depending on cultivation and row spacing (43).
McWhorter and Anderson reported that a POST metribuzin application at

1.1kg ai ha"^ mixed with bentazon at 1.1 kg ai ha"' controlled common
cocklebur 92 to 99 % up to 7 WAT, while metribuzin alone controlled 65 to

72 % common cocklebur (40). Metribuzin controls common cocklebur early

in the season, but does not provide adequate season long control.
Common cocklebur was controlled 94% 22 DAT, 81% 36 DAT, and

69% 49 DAT with a PRE application of cyanazine at 1.28 kg ai ha"'' (27).
13

Malone et al. reported > 90 % control of common cocklebur in soybean

when cyanazlne was applied PPI at 2.24 kg ai ha'^ (38). Trammell et al.

reported that a POST treatment of cyanazlne at 1.12 kg ai ha'^ provided
^70 % common cocklebur control at 7 DAT (66). Malone and Oliver
observed that cyanazlne provided ^90 % control of common cocklebur at
the 1.12 and 2.24 kg ai ha"^ rates 3 WAT (37). Initial control of common
cocklebur with cyanazlne is normally of short duration , lasting only 2 to 3
wk.

Hayes et al. reported that clomazone controlled 55 % to 70 % of
common cocklebur at a 1.12 kg ai ha"^ PPI rate (22). Mills et al. found that
clomazone controlled 50 to 70% of common cocklebur in no-till soybean

plots as compared to 80 to 90% in conventional soybean at rates varying
from 0.080 to 0.140 kg ai ha'^ (45). Westberg et al. reported 61 to 78 %

common cocklebur control by clomazone at 1.1 kg ai ha'^ 2 WAT (71).
Several investigators have reported that imazaquin provided > 80%
control of common cocklebur when used alone at label rates (22, 46, 68).

Wesley et al. reported 71 and 85 % common cocklebur control 4 WAT for

imazaquin applied PPI at 90 g ai ha'^ and 140 g ai ha'^ respectively (70).
Barrentine determined the minimum effective rate (quantity required for a

minimum of 90% control) of imazaquin for the control of common cocklebur.

He found that POST imazaquin at 27 and 34 g ai ha'^ were sufficient to
14

control common cocklebur at the 2-leaf and 6-leaf stages respectively. He
further noted that plants under moisture stress required more imazaquin than
did plants growing under normal conditions (8). Wesley et al. reported up to

78 % control of common cocklebur 4 WAT for imazaquin at 90 g ai ha'^ and
up to 59 % control of common cocklebur at 140 g ai ha'^ dependent on
Incorporation depth (68).

Research Objectives
Herbicide dissipation, while essential to prevent environmental

accumulation, must be mediated in a manner as to provide adequate residual
herbicide activity of sufficient duration to prevent weed interference with the

crop. Soil and environmental conditions and crop presence are important
factors effecting dissipation. While dissipation can be monitored both
chemically and biologically, the two methods must be correlated and then
extended to efficacy and prediction of rotational crop effects. This research

project addresses the question of relative herbicide dissipation through a
comparison of the residual concentration (chemical assay) and residual

activity (weed control) of selected corn and soybean herbicides applied at
the same location and in the same growing seasons. Further this study will
also add to the relatively short body of work that addresses the role a crop
plays in herbicide dissipation.
15

CHAPTER III

COMPARATIVE RESIDUAL CONCENTRATIONS AND ACTIVITY OF

SELECTED CORN AND SOYBEAN HERBICIDES^

ABSTRACT

The residual activity and rate of dissipation of soil applied herbicides
are important factors in modern agricultural crop production, impacting
herbicide efficacy, carryover to rotational crops, production economics and
the environment. Field and laboratory experiments were conducted in 1992
and 1993 at the University of Tennessee Plant Sciences Field Laboratory in

Knoxville, to examine the comparative residual concentration and activity of
several corn and soybean herbicides, and the effect that a crop has on their

dissipation. The site was of the Sequatchie loam soil series (fine-loamy,
siliceous, thermic, Humic Hapudult) pH. 6.1 and 1.6 % organic matter (18).

The site had a naturally occurring infestation (> 100 plants per m^) of
common cocklebur (Xanthium strumarium). which was used as the indicator

^Received for publication

and in revised form.

Authored by Kent Gallaher, Graduate Research Assistant, Department of

Plant and Soil Science., The University of Tennessee, Knoxville, TN 37901.
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species in the weed response measurements. The study utilized a split-plot

design. Herbicide treatments were replicated four times, and randomized
within crop blocks. Whole plots were crop (corn, soybean, no-crop) and sub

plots were herbicide treatment. All plots were sampled approximately 0, 1,
2, 3, 4, 6, 8, and 12 wk after application at the 0 to 8 cm soil depth.
Measurements of weed control (weed density, height and biomass) were

taken at approximately 4, 6, and 8 wk after application. Weed response
data indicated that imazaquin, atrazine, and cyanazine controlled common
cocklebur better than did clomazone and metribuzin. Soil samples were

extracted and quantified using high performance liquid chromatography.
Data from each crop -I- herbicide treatment was treated as an individual

regression line, and herbicide dissipation was examined by comparing

half-life (DTgo) values. Atrazine, metribuzin, and clomazone DTgo's were

averaged over treatments and seasons and were approximately 27, 22, and
55 d respectively, when determined by empirically fitting the first-order
degradation model to the data, and 25, 23, and 44 d respectively when
determined by the best fit of the linear-quadratic formula for each data set.

DT50 values determined for atrazine and metribuzin are in agreement with
previous studies that place atrazine DT50 in the 18 to 25 d range, and

metribuzin DT50 in the 16 to 50 d range. Atrazine and metribuzin dissipation
was more rapid in no-crop plots than in corn or soybean plots in 1993,
17

indicating a relationship between herbicide dissipation and crop presence.

Moisture data collected revealed that no-crop plots in 1993 had consistently

higher moisture contents than either corn or soybean plots. Soybean and
corn appeared to remove more water than the vegetation (mainly common
cocklebur) in the no-crop plots. High temperatures and low soil moisture

combined to possibly inhibit soil microbial activity, thus suppressing atrazine

and metribuzin degradation in the 1993 growing season. Clomazone DT50
values determined in this study differ from earlier studies that place the DT50
of clomazone at 15 to 45 d. This might be due to differences in both the
application method (PRE vs PPI) and environmental conditions or the

analytical method (bioassay vs chemical extraction). The effect of soybean
on clomazone dissipation remains unclear. However, positive correlations

were made between cocklebur growth (density, height, biomass) and crop
presence, indicating that there is a direct relationship between herbicide
dissipation and crop presence. Chemical analysis revealed herbicide

dissipation was atrazine = metribuzin > clomazone. Few significant
correlations were found between herbicide DT50 and herbicide concentration

to cocklebur growth, although one would expect DT50 to be an index of
activity.

Nomenclature: Atrazine, 6-chloro-N-ethyl-N'-(1 -methylethyl)-1,3,5-triazine-

2,4-diamine; clomazone, 2-[(2-chlorophenyl)methyl]-4,4-dimethyl-318

isoxazolidinone; cyanazine 2-[[4-chloro-6-(ethylannino)-1,3,5-triazin-3-

Vl]amino]-2-methylpropanenitrile; imazaquin, 2-[4,5-dihydro-4-methyl-4-(1 methylethyl)-5-oxo-1 H-imidazol-2-yl]-3-quinolinecarboxylic acid; metribuzin,
4-amlno-6-(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one; corn

(Zea mays L.) 'DeKalb DK689', soybean (GIvcine max L. Merr.) 'TN4-86',
common cocklebur (Xanthium strumarium L.).

Additional index words. Dissipation, bioassay, HPLC

Introduction

Modern agriculture relies heavily on herbicides to economically

produce many products. The residual activity of soil-applied herbicides is an
Important factor in crop production. The herbicide dissipation rate in soil
affects efficacy and indirectly determines the agronomic and environmental
risks associated with use. Ideally, herbicides must have residual activity of
sufficient duration to eliminate weed interference, yet pose minimal threat to

non-target species or future crops. Herbicide dissipation is the sum of all

degradation and transport processes. It is affected by many interactive
factors, including: soil pH (23,26,28,29,42,51,65), soil type
(13,15,16,20,30,32,33,34,49,52,57,65), soil temperature and moisture

(13,15,25,42), tillage system (20,26,45,46,53), and application method
19

(53).

The effect of a crop on herbicide dissipation is unclear and is

dependent on soil and environmental factors, which can be different for each

site and season. Different crops may contribute to changes in soil
temperature and moisture, and their roots present different rhizospheric
conditions that have the potential to affect microbial activity
(9,14,28,41,53).

This study addresses the question of dissipation by a

comparison of the residual concentration (chemical assay) and residual

activity (weed growth) of herbicides at the same site, with a comparison
between residual concentration and weed control. This study also examines
the role that a crop plays in herbicide dissipation as compared to a non-crop

situation. Additionally, this study examines the relative dissipation rates of
several selected corn and soybean herbicides at one location and within two
growing seasons.

Materials and Methods
Field studies were conducted in 1992 and 1993 at the Plant Sciences

Field Laboratory, Knoxville, TN. on a Sequatchie loam (fine-loamy, siliceous,

thermic Humic Hapudult) (Table 1)^. The site had a naturally occurring
infestation of common cocklebur (>100 plants per m^), so common

All tables can be found in appendix A.
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cocklebur was used as the indicator species in the field study. Common

cocklebur pressure was too heavy to allow for determination of corn or

soybean yields. Soybeans 'TN4-86' and corn 'DeKalb DK689' were planted
in four rows spaced 76 cm apart and 10 m in length on May 6, 1992 and

May 28, 1993 using conventional tillage practices common to soybean and

corn production in Tennessee. In 1992 the entire plot area was fertilized
with NPK (180:35:35) and in 1993 with NPK (60:60:60).

The study utilized a split-plot design. Herbicide treatments were

replicated four times, and randomized within crop blocks. A complete
randomization was not possible as clomazone and metribuzin are not used in
corn and atrazine is not used in soybean. Whole plots were crop (soybean,

corn, no-crop) and sub-plots were herbicide treatments (Table 2). All
herbicides were applied PPI prior to planting, with herbicide treatments being

metribuzin at 0.56 kg ai ha \ atrazine at 2.24 kg ai ha \ cyanazine at 2.24
kg ai ha"\ imazaquin at 0.14 kg ai ha'\ and clomazone at 1.12 kg ai ha'\
Sample Collection and Processinc.A representative soil sample was

collected from each plot with a hand-held core sampler from the 0 to 8 cm

soil depth 0, 7, 14, 20, 28, 42, 56, and 86 days after treatment (DAT)^ in

^Abbreviations: DAT, days after treatment; HPLC, high performance
liquid chromatography; C.I., 95% confidence interval; LDPE, low density
polyethylene; DTgg, half-life;
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1992 and 0, 7, 14, 27, 45, 55, 73, and 87 DAT in 1993. Moist soil

samples were passed through a 2 mm (10 mesh) sieve, thoroughly mixed
and stored at -10 C until extraction. Gravimetric water content was

determined for each sample. Plots were monitored weekly for common

cocklebur control and objective measurements were taken, including weed
height 42 DAT in 1992, and 27 and 45 DAT in 1993, weed density 28
DAT in 1992, and 27 and 45 DAT in 1993, and weed biomass 55 DAT in

1992, and 57 DAT in 1993. Weed control data was then compared to
herbicide dissipation as determined by chemical assays.

Herbicide Extraction Procedures. Chemical analysis was performed on
metribuzin, atrazine and clomazone. For atrazine and metribuzin samples, 40

g of moist soil was placed into a 250 ml low density polyethylene (LDPE)^

screw-top bottle", methanol (80 ml) was added to each bottle, and the
samples were placed on a reciprocating shaker at 210 excursions per min for

16 h. Methanol from the soil extract was filtered through two filter

papers®, and 4 ml aliquots were transferred into sample vials. Sample vials

"Nalgene, Rochester, NY.

^Whatman's #1 filter paper, Whatman, Clinton, NJ.
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were stored at -10 C until sample analysis (< 20 d). Data were corrected for
soil moisture.

For clomazone extraction from soil, 40 g of moist soil was placed into

a 250 ml LDPE^ screw-top bottle. Acetonitrile (80 ml) was added to each
bottle, and the samples were shaken as previously described for 16 h. The
soil extracts were filtered through two filter papers, retaining the filtrate. An
additional 80 ml of acetonitrile was added to each soil sample, and the

samples were shaken for an additional 1-h interval. The second extract was
filtered and combined with the first. The combined filtrates were weighed
and transferred to 250 ml round bottom evaporation flasks and connected to

a rotary evaporator® equipped with a heated water bath set at 50 C in
which the round bottom evaporation flasks were immersed. The clomazone

samples were then evaporated to near dryness (< 2 ml). The remaining
concentrated clomazone solutions were then transferred from the round

bottom evaporation flasks to sample vials and brought up to a volume of 4.0
ml with reagent grade acetonitrile. The sample vials were then stored at 10 C until sample analysis (< 15 d).

®Buchi model ELI31, Buchi, Flawil-Schwciz, Switzerland.
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Herbicide Analysis. Herbicide concentrations in the soil extracts were

determined using reverse-phase high performance liquid chromatography

(HPLC)^. The analytical column' used in the study was packed with 4 /;m,

Ci8 media and was 4.6 mm by 25 cm. A guard column® (1 mm by 7 mm)
also packed with Cig media was used to filter contaminates and thus protect
the analytical column. All solvents were HPLC grade and all injection
volumes were 50 /;l.
Analytical parameters for atrazine included a absorbance detector

wavelength of 220 nm and a mobile phase flow rate of 1.0 ml min \ The
mobile phase consisted of acetonitrile and water (60:40; v:v). Atrazine
retention time was 6.7 min.

Metribuzin adsorption was measured at a detector wavelength of
298 nm. The 298 nm wavelength was used to reduce the detector

interference. The mobile phase flow rate was 0.65 ml min"'' of methanol
and 0.01 % acetic acid solution (65:35; v:v). Metribuzin retention time
was 11.8 min.

Analytical parameters for clomazone included absorbance detection

at wavelength of 220 nm and a mobile phase flow rate of 1 ml min"\ The

'Alltech Ci8, Deerfield, IL.
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mobile phase consisted of acetonitrile and water (60:40; v:v). Clomazone
retention time was 8.1 min.

A conservative lower limit of detection for quantification was 10 ng

mr\ 20 ng mr\ and 20 ng ml'^ for atrazine, metribuzin and clomazone
respectively. All recoveries were ^ 90% (data not shown). Herbicide
concentrations were quantified using an external standard technique. All
extracts were within the linear range of the constructed calibration curves.

Analytical standards of metribuzin, atrazine , and clomazone were made
using analytical and/or technical grade metribuzin (99.5% Miles, Inc.,
Kansas City, MO. 64120), atrazine (97.1% Ciba Corp., Greensboro, NC
27409) and clomazone (90% FMC Corp., Philadelphia, PA. 19103). All
herbicide extracts within a crop + herbicide treatment regime (eight

sampling events with replications) were processed, extracted, and analyzed
as a group.

Statistical Analvsis. Herbicide concentration data were examined

using both a derived linear-quadratic equation for each data set, and the
first-order degradation model (67). The data were fit to a linear-quadratic

using the "Proc Reg" procedures in PCSAS®. This procedure provided a r^
SAS 1989, Cary N.C.
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plus linear, quadratic, and intercept terms for a linear-quadratic equation for

each data set. Confidence intervals (C.l.)^ and half-life (DTgo)^ values were
derived by: 1) determining DAT which coincided with 50 % of the initial

concentration, 2) determining the C.I. associated with 50 % concentration
of initial herbicide (Y axis), and 3) solving the predicted linear-quadratic

equation using the C.I. from step 2, which provided a C.I. around the DT50
determined in step 1.

The first order dissipation model is described by the linear equation:

In ( C/Co ) = -kt

Where C is the concentration in ng g'^ at time t, Cq is the concentration in
ng g"'' at time 0, k is equal to the first-order rate constant, and t is time in
days. The first-order rate constant k was estimated for each herbicide

through regression analysis by plotting In ( C/Cq ) as a function of time.
The slope of the resultant line was considered to be the first-order rate
constant (67).

DT®° values for each herbicide were calculated using the equation:

DT50 = In 0.50/k
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where DT50 is the herbicide half-life in days, and k is the first-order
dissipation rate constant. DT50 C.l.'s were calculated base on the C.I.
around the k value for each herbicide.

Each crop -1- herbicide treatment combination was treated as an

individual regression line, and herbicide dissipation was examined by

comparing DT50 values and C.I. derived both from the linear-quadratic
equation for each data set and the first-order degradation model. Crop
effect was examined by comparing the C.I. of the DT50 values for each
herbicide between crop and no-crop treatments.

Results and Discussion

Initial atrazine concentrations recovered from soil samples ranged

from 1.1 to 1.7 ug g'^ (Table 3). Atrazine DT50 ranged from 17 to 33 d
(Table 3 and 4).

Atrazine DT50 did not differ significantly within corn

treatments in either year. However, DT50 data obtained through the
first-order degradation model revealed that atrazine dissipation between
atrazine -I- alachlor (in corn) and atrazine -1- butylate (in no-crop) was more

rapid in no-crop plots in 1993 (Table 3; Figure D®. Data obtained from the
best fit of the linear-quadratic formula indicated that there was no

'All figures are contained in appendix B.
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difference between crop and no-crop plots in either year (Table 4; Figure 1
and 2). Although precipitation totals from the two growing seasons were
similar, (Table 5) the 1993 season was characterized by long periods of
hot, dry weather separated by heavy rainfall events, while the 1992

season had more even rainfall distribution. Soil taken from no-crop plots

consistently had 15 to 18% higher moisture contents than in crop plots in
1993 (Figure 3). No difference was observed in soil moisture between crop
treatments in 1992. The hot, dry weather in 1993 may have contributed
to the difference in atrazine dissipation between crop treatments, because
the corn crop removed more water from the soil than was removed from
the no-crop plots. The reduction in soil water content in 1993 could have

decreased microbial activity, contributing to greater atrazine persistence in
the corn plots than in the no-crop plots.

Initial metribuzin concentrations were 0.33 ug g"'' and 0.74 ug g''" in
1992, and 0.78 ug g"^ and 0.53 ug g'^ in 1993 for soybean + metribuzin
and no-crop -I- metribuzin respectively (Table 3). Metribuzin DT50 ranged
from 11 to 17 d in 1992, and 16 to 44 d in 1993 (Table 3 and 4).

Metribuzin DT50 values between crop and no-crop treatments were

significantly different in 1993 (Table 3; Figure 4). When water was
plentiful, as in 1992, there was no difference in metribuzin degradation

between soybean and no-crop plots (Table 3 and 4; Figure 5). However,
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under low soil moisture conditions, as in 1993, dissipation was similar to
that for atrazine (Table 3 and 4; Figure 4). Differences in atrazine and

metribuzin dissipation observed between growing seasons might also be
attributed to differences in the timing of water extraction between corn and
soybeans.

Initial clomazone concentrations were determined to be 1.2 ug g"^

and 0.83 ug g'^ in 1992, and 1.2 ug g'^ and 1.6 ug g"^ in 1993 for soybean
+ clomazone and no-crop -t- clomazone, respectively (Table 3). Clomazone
DT50 values ranged from 43 to 66 d in 1992, and 33 to 53 d in 1993

(Table 3 and 4). No differences were observed between crop and no-crop
treatments in either year for clomazone (Table 3 and 4; Figure 6 and 7).
In general, chemical assay indicated surface soil dissipation as, atrazine =

metribuzin > clomazone, for both growing seasons. Clomazone DT50
values suggests the possibility of carryover to rotational crops.

There were little differences in cocklebur density or height, in either
growing season until 40 DAT. In 1992 and 1993, cocklebur height was
reduced most in those plots containing imazaquin, atrazine and cyanazine,
and was reduced least in plots containing clomazone and metribuzin

(Tables 6 and 7). There was no difference in cocklebur response ( density,
height and biomass) between crop and no-crop treatments in 1992. In

1992 the greatest reduction in cocklebur fresh weights were in imazaquin,
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atrazine and cyanazine, and the least reduction In clomazone and

metribuzin plots (Table 6).
Cocklebur density measurements (45 DAT) in 1993 were reduced

most In plots containing imazaquin, atrazine, and cyanazine and least in
clomazone and metribuzin plots. Fresh-weights were reduced in imazaquin

and atrazine plots.

Cocklebur fresh-weight was similar with cyanazine and

metribuzin (Table 7). Little correlation existed between herbicide

persistence (DTgo, herbicide concentration) and weed growth in either year
(Tables 8,9,10 and 11).

Cocklebur height was correlated with atrazine concentration at the
5% level (Table 8). No other positive correlations could be made between
cocklebur growth and herbicide dissipation in 1992 (Tables 8 and 9). In

1993, atrazine concentration at 57 DAT and atrazine DT50 was positively
correlated to cocklebur biomass at the 1 % level (Tables 10 and 11).

Metribuzin DT50 was correlated to cocklebur biomass at the 5% level

(Table 10). There were no other significant correlations between
metribuzin and weed control measurements.

Clomazone DT50 and concentration were positively correlated to
cocklebur height at the 1 % level 45 DAT. No other correlations were
present between herbicide dissipation and cocklebur growth in 1993
(Tables 10 and 11). Lack of correlation between herbicide concentration
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and cocklebur growth could be attributed to lack of sensitivity of cocklebur
measurements (height, biomass, weight) to determine subtle treatment
differences, or that the cocklebur infestation was so severe that all

herbicide treatments provided incomplete control.

Conclusion

Under the environmental conditions common to eastern Tennessee,

atrazine, metribuzin, and clomazone DTgo were approximately 27, 22, and
55 d, when determined by the first-order degradation model, and 25, 23,
and 44 d, respectively, when determined by the best fit of the

linear-quadratic formula for each data set. DTgo values for atrazine and
metribuzin are in agreement with previous studies that place atrazine DTgo

the 18 to 25 d range (23,54), and metribuzin DTgo 'n the 16 to 50 d range
(24,28,29,58). Clomazone DTgo values determined in this study differ from
earlier studies (18,29,45) that place the DTgo of clomazone at 15 to 45 d.
This might be due to differences in both the application method (PRE vs

PPI), environmental conditions, or the analytical method (bioassay vs
chemical extraction). The effect of a soybean crop on clomazone

dissipation remains unclear. However, positive correlations were made
between cocklebur growth (density, height, biomass) and crop presence.
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indicating that there is a direct relationship between herbicide dissipation
and crop presence.

In general, imazaquin, atrazine and cyanazine provided better
common cocklebur control than did metribuzin or clomazone. Herbicide

dissipation as determined by chemical analysis was atrazine = metribuzin
> clomazone. Comparisons of DTgo's revealed that atrazine and metribuzin
dissipated more rapidly in no-crop plots than crop plots in 1993. Few

significant correlations were found between herbicide DT50 and herbicide
concentration to cocklebur growth, although one would expect DT50 to be
an index of activity. Clomazone, although having a long soil DT50 (44 to
55 d), controlled cocklebur poorly. This could be due in part to reduced
bioavailability or cocklebur's relatively low sensitivity to clomazone.

Atrazine provided good residual weed control despite having a relatively
short soil DT50 (25 to 27 d).

32

LITERATURE CITED

33

LITERATURE CITED

1.

Anonymous. 1989. The Herbicide Handbook of the Weed Science
Society of America, 6th ed. pp. 17-20.

2.

Anonymous. 1989. The Herbicide Handbook of the Weed Science
Society of America, 6th ed. pp. 65-66.

3.

Anonymous. 1989. The Herbicide Handbook of the Weed Science
Society of America, 6th ed. pp. 73-74.

4.

Anonymous. 1989. The Herbicide Handbook of the Weed Science
Society of America, 6th ed. pp. 156-157.

5.

Anonymous. 1989. The Herbicide Handbook of the Weed Science
Society of America, 6th ed. pp. 183-185.

6.

Anonymous. 1971. Common weeds of the United States. USDA.
Dover Publications. Inc. New York. pp. 444.

7.

Ashton, P.M., and T.J. Monaco. 1991. Weed Science: principles and

practices. 3rd ed. John Wiley, New York. pp. 272-290.
8.

Barrentine, W.L. 1989. Minimum effective rate of chlorimuron and

imazaquin applied to common cocklebur (Xanthium strumarium). Weed
Technol. 3: 126-130.

9.

Basham G. W., and T.L. Lavy. 1987. Microbial and photolytic
dissipation of imazaquin in soil. Weed Sci. 35:865-870.

10. Bauman, T.T., and M.A. Ross. 1983. Effect of three tillage

systems on the persistence of atrazine. Weed Sci. 31:423-426.
11. Birk,L.A., and F.E.B. Roadhouse. 1964. Penetration of and persistence
in soil of the herbicide atrazine. Can. J. Plant Sci. 44:21-27.

12. Brown, N.P.H., C.G.L. Furmidge, and B.T. Grayson. 1972. Hydrolysis
of the triazine herbicide, cyanazine. Pestic. Sci. 3:669-678.

34

13. Burnside, O.C., C.R. Fenster, G.A. Wicks, and J.V. Drew. 1969.

Effect of soil and climate on herbicide dissipation.Weed Sci. 17:241245.

14. Cantwell, J.R., R.A. Liebl, and F.W. Slife. 1989. Biodegradation
characteristics of imazaquin and imazethapyr. Weed Sci. 37:815-819.
15. Dao. T.H., and T.L. Lavy. 1978. Atrazine adsorption on soil as
influenced by temperature, moisture content and electrolyte
concentration. Weed Sci. 26:303-308.

16. Dunigan, E.P., and T.H. Mcintosh. 1971. Atrazine-soil organic matter
Interactions. Weed Sci. 19:279-282.

17. Fishel, F.M., and G.E. Coats. 1990. Weed control with V-53482.
Proc. South. Weed Sci. Soc. 43: 94.

18. Gallandt, E.R., P.K. Fay, and W.P. Inskeep. 1989. Clomazone
dissipation in two Montana soils. Weed Technol. 3:146-150.

19. Graham-Bryce, I.J. 1981. The Behavior of Pesticides in soil. The
Chemistry of soil processes, pages 621 -670. D.J. Greenland and
M.H.B. Hayes, eds. John Wiley, Chichester.
20. Harrison, G.W., J.B. Weber, and J.V. Baird. 1976. Herbicide

phytotoxicity as affected by selected properties of North Carolina soils.
Weed Sci. 24:120-126.

21. Hartgrove, N.T., J.T. Ammons, A.R. Khiel, and J.D. O'Dell. 1993.
Genesis of soils on two stream terrace levels on the Tennessee

River.Soil Survey Horizons 34: 78-88.
22. Hayes, R.M., G.N. Rhodes, G.A. Mitchell, and M.L.Thornton. 1988.

Weed control evaluations for soybeans in Tennessee, 1988. U.T. Agri.
Exp. Sta. RR89-05.

23. Hiltbold, A.E. and G.A. Buchanan. 1977. Influence of soil pH on
persistence of atrazine in the field. Weed Sci. 25:515-520.

24. Hyzak, D.L. and R.L. Zimdahl. 1974. Rate of degradation of
metribuzin and two analogs in soil. Weed Sci. 22:75-79.
35

25. Jones, R.E., P.A. Banks, and D.E. Radcliffe. 1990. Alachlor and
metribuzin movement through a soil profile as influenced by soil
surface conditions. Weed Sci. 38:589-597.

26. Kells, J.J., C.E. Rieck, R.L. Blevins, and W.M. Muir. 1980. Atrazine

dissipation as affected by surface pH and tillage. Weed Sci.

28:101-

104.

27. Krueger, W.M., R.M. Hayes, K.B. Kirksey, and P.A. Brawley. 1992.
Weed control investigations in corn. U.T. Agri. Exp. Sta. RR93-10.
28. Ladlie, J.S., W.F. Meggitt, and D. Penner. 1976. Effect of soil pH on
microbial degradation, adsorption, and mobility of metribuzin. Weed
Sci. 24:477-481.

29. Ladlie, J.S., W.F. Meggitt, and D. Penner. 1976. Role of pH on
metribuzin dissipation in field soils. Weed Sci. 24:508-511.
30. Libik, A.W. and R.R. Romanowski. 1976. Soil persistence of atrazine
and cyanazine. Weed Sci. 24:627-629.

31. Lightfoot, E.N., P.S. Thome, R.L. Jones, J.L. Hamsen, and R.R.
Romine. 1987. Laboratory studies on the mechanisms for degradation
of aldicarb, aldicarb sulfoxide, and aldicarb sulfone. Environ. Toxicol.
Chem. 6:377-394.

32. Loux, M.M., R.A. Liebl, and F.W. Slife. 1989. Availability and

persistence of imazaquin, imazethapyr, and clomazone in soil. Weed
Sci. 37:259-267.

33. Loux, M.M., R.A. Liebl, and F.W. Slife. 1989. Adsorption of clomazone

on soils, sediments, and clays. Weed Sci. 37:440-444.
34. Loux, M.M., R.A. Liebl, and F.W. Slife. 1989. Adsorption of imazaquin

and imazethapyr on soils, sediments, and selected adsorbents. Weed
Sci. 37:712-718.

35. Mabey, W.,and T. Mill. 1974. Critical review of hydrolysis of organic
compounds in water under environmental conditions. J. Phys. Chem.
Ref. Data. 7:383-415.

36

36. Majka, J.T., and T.L. Lavy. 1977. Adsorption, mobility, and
degradation of cyanazine and diuron in soils. Weed Sci. 25:401-406.
37. Malone, J.D., and L.R. Oliver. 1990. Potential of cyanazine and
chlorimuron combinations in soybeans. Proc. South. Weed Sci. Soc.
43:44.

38. Malone, J.T., L.R. Oliver, and P.J. Hathcock. 1990. Potential of

cyanazine and chlorimuron in soybeans. Proc. South. Weed Sci. Soc.
43:44

39. Mayer, J.R., R.J. Hance, and C.E. McKone. 1972. The effect of
adsorbents on the rate of degradation of herbicides incubated with soil.
Soil. Bio. Biochem. 4:307-311.

40. McCarty, J.T. and R.E. Talbert. 1991. Potential for reduced herbicide
rates in vegetative crops. Proc. South. Weed Sci.Soc. 44:210.

41. McCormick, L.L., and A.E. Hiltbold. 1966. Microbiological
decomposition of atrazine and diuron in soil. Weeds. 14:77-82.

42. McGlamery, M.D. and F.W. Slife. 1966. The adsorption and
desorption of atrazine as affected by pH, temperature, and
concentration. Weeds. 14:237-239.

43. McWhorter, C.G., and J.M. Anderson. 1976. Effectiveness of
metribuzin applied preemergence for economical control of common
cocklebur in soybeans. Weed Sci. 24: 385-390.
44. McWhorter, C.G., and W.L. Barrentine. 1975. Cocklebur control in
soybeans as affected by cultivars, seeding rates, and methods of weed
control. Weed Sci. 23: 386-390.

45. Mills, J.A., W.W. Witt, and M. Barrett. 1989. Effects of tillage on the
efficacy and persistence of clomazone in soybean (Glycine max).
Weed Sci. 37:217-222.

46. Mills, J.A., and W.W. Witt. 1989. Efficacy, phytotoxicity, and
persistence of imazaquin, imazethapyr, and clomazone in no-till doublecrop soybean (GIvcine max). Weed Sci. 37:353-359.

37

47. Mudd,P.J., R.J. Hance, and S.J.L. Wright. 1983. The persistence and
metabolism of isoproturon in soil. Weeds Res. 23:239-246.

48. Overton, J.R., L.S. Jeffery, T.H. Morgan, and T. McCutchen. 1975.
Tank mixtures of metribuzin and various dinitro-aniline herbicides for

weed control in soybeans. TN. Farm Home Sci. V96: 8.

49. Parochetti, J.V.. 1973. Soil organic matter effect on activity of
acetanilides, CDAA, and atrazine. Weed Sci. 21:157-160.

50. Paul, E.A., and F.E. Clark. 1989. Soil Microbiology and Biochemistry.
Pages 18 - 32. Academic Press, Harcourt Brace Jovanovich, New
York, N.Y.

51. Peek, D.C. and A.P. Appleby. 1989. Effect of pH on phytotoxicity
of metribuzin and ethyl-metribuzin. Weed Technol. 3:636-639.
52. Peter, J.C. and J.B. Weber. 1985. Adsorption, mobility, and

efficacy of metribuzin as influenced by soil properties. Weed Sci.
33:868-873.

53. Renner, K.A., W.F. Meggitt, and R.A. Leavitt. 1988. Influence of rate,
method of application, and tillage on imazaquin persistence in soil.
Weed Sci. 36:90-95.

54. Roeth, F.W., T.L.Lavy, and O.C. Burnside. 1969. Atrazine
degradation in two soil profiles. Weed Sci. 17:202-205.

55. Rosenberg, N.J., B.L. Blad, and S.B. Verma. 1983. Microclimate: The
Biological Environment. Pages 5 - 93. John Wiley. Chichester.
56. Russell, J.D., M. Cruz, and J.L. White. 1968. Mode of chemical

degradation of s-triazines on montmorillonite. Science. 160:13401342.

57. Savage, K.E.. 1976. Adsorption and mobility of metribuzin in soil.
Weed Sci. 24:525-528.

58. Savage, K.E.. 1977. Metribuzin persistence in soil. Weed Sci. 25:5559.

38

59. Sharom M.S. and G.R. Stephenson. 1976. Behavior and fate of
metribuzin in eight Ontario soils. Weed Sci. 24:153-160.

60. Seibert, K., F. Ruhr, and H.H. Cheng. 1981. Experiments on the

degradation of atrazine in the maize rhizosphere. Proc. 1981 Eur. Weed
Res. Soc. Symp. Theory and practice of the use of soil applied
herbicides, pp.137-146.
61. Sikka, H.C., and D.E. Davis. 1966. Dissipation of atrazine from soil by
corn, sorghum, and johnsongrass. Weeds 14:289-293.
62. Sims, B.D., and D.R. Guethle. 1991. Naphthalic anhydride safens corn
from clomazone injury. Proc. South. Weed Sci. Soc. 44:123.

63. Sirons, G.J., R. Frank, and T. Sawyer. 1973. Residues of atrazine,
cyanazine, and their phytotoxic metabolites in a clay loam soil. J.
Agric. Food Chem. 21:1016-1020.
64. Stevens, W.E. 1989. Herbicide evaluations in corn. Proc. South. Weed
Sci. Soc. 42:46.

65. Stougaard, R.N., P.J. Shea, and A.R. Martin. 1990. Effect of soil
type and pH on adsorption, mobility, and efficacy of imazaquin and
imazethapyr. Weed Sci. 18:67-73.

66. Trammell, C.A., M.R. Bates, H.B. Haywood, and R.C. Nichols. 1987.
Postemergence - directed weed control in cotton with lactofen. Proc.
South. Weed Sci. Soc. 40: 365.

67. Walker, A. 1987. Herbicide persistence in soil. Rev. Weed Sci. 3:117.

68. Wesley, M.T., and D.R. Shaw. 1991. Interactions of diphenylether
herbicides with chlorimuron and imazaquin. Proc. South. Weed. Sci.
Soc. 44:120.

69. Wesley, R.A., D.R. Shaw, and W.L. Barrentine. 1989. Incorporation
depths of imazaquin, metribuzin, and chlorimuron for common

cocklebur control in soybeans. Weed Sci. 37: 596-599.

39

70. Wesley, R.A., D.R. Shaw, and W.L. Barrentine. 1989. Application
timing of metribuzin, chlorimuron, and imazaquin for common
cocklebur control. Weed Technol. 3: 364-368.

71. Westberg, D.E., L.R. Oliver, R.E. Frans. 1989. Weed control with
clomazone alone and with other herbicides. Weed Technol. 3: 678685.

72. Wolfe, N.L., M.E.S. Metwally, and A.E. Moftah. 1989. Hydrolytic

transformations of organic chemicals in the environment. Soil Sci.Soc.
Am. SP 22, Reactions and movement of organic chemicals in soils, pp
229-242.

40

APPENDICES

41

APPENDIX A.

42

Table 1. Physical and chemical characteristics of the Sequatchie loam soil.

Characteristic

Value

pH

6.1

Organic matter, %

1.6

Total Carbon, %

0.9

CEC, cmol C* lOOg soil'

15.0

Sand, %

38.7

Silt, %

38.0

Clay, %

23.3
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Table 2. Crop + herbicide treatments used in the field study in 1992 and 1993.
Combinations denoted by stars represent individual crop + herbicide treatments.
Crop

Herbicide

Corn

Atrazine

*

Cyanazine

*

Untreated

*

Soybean

No-crop
*

Clomazone

*

*

Metribuzin

*

*

Imazaquin

*

*
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Table 3. First-order degradation rate constants and DTjo values for atrazine, metribuzin
and clomazone as determined by chemical assay for the 1992 and 1993 growing
seasons'

Crop + Herbicide

Year

k

DTbo C.I.

d"'

r®

Initial

ug g"'

-d

corn -1- atrazine^

92

0.0224

31

(26 - 37)

0.83

1.30

corn + atrazine^

92

0.0246

28

(23 - 36)

0.81

1.40

no-crop + atrazine^

92

0.0265

26

(20 - 38)

0.89

1.10

corn + atrazine^

93

0.0278

25

(18 - 38)

0.57

1.70

corn-t- atrazine®

93

0.0210

33

(24 - 52)

0.71

1.50

no-crop + atrazine®

93

0.0412

17

(13 - 22)

0.91

1.60

soybean -t- clomazone

92

0.0135

51

(31 - 148)

0.56

1.20

no-crop + clomazone

92

0.0105

66

(51 - 93)

0.65

0.83

soybean + clomazone

93

0.0131

53 (37 - 90)

0.55

1.20

no-crop -1- clomazone

93

0.0140

49

(32 - 106)

0.70

1.60

soybean + metribuzin

92

0.0657

11

(8 - 15)

0.73

0.33

no-crop + metribuzin

92

0.0403

17

(11 - 35)

0.64

0.74

soybean -i- metribuzin

93

0.0160

43 (30 - 77)

0.30

0.78

no-crop + metribuzin

93

0.0448

16

(11 - 26)

0.70

0.53

' k= first order rate constant; DTgo = half-life in days
C.I. = 95% confidence interval for DTgo values

^ butylate + atrazine
® alachlor

atrazine
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Table 4. DT50 values for atrazine, metribuzin, and clomazone as determined by the best fit
of the linear-quadratic formula derived for each data set'.
Crop + Herbicide

Year

C.I.

DT.o

r'

initial

ug g"'

-d

corn + atrazine^

92

30

(23 - 37)

0.74

1.30

corn -1- atrazine''

92

27

(22 - 32)

0.84

1.40

no-crop -1- atrazine^

92

25

(20 - 31)

0.77

1.10

corn -t- atrazine^

93

21

(16 - 26)

0.74

1.70

corn -1- atrazine'

93

27

(20 - 31)

0.80

1.50

no-crop + atrazine'

93

19

(15 - 22)

0.87

1.60

soybean + clomazone

92

43

(26 - 65)

0.42

1.20

no-crop + clomazone

92

64

(51 - 76)

0.62

0.83

soybean -1- clomazone

93

36

(25 - 51)

0.61

1.20

no-crop -1- clomazone

93

33

(25 - 43)

0.72

1.60

soybean + metribuzin

92

12

(9-15)

0.75

0.33

no-crop + metribuzin

92

16

(12 - 20)

0.66

0.74

soybean -1- metribuzin

93

44

(29 - 59)

0.58

0.78

no-crop -1- metribuzin

93

18

(14 - 22)

0.81

0.53

' DTbo = half-life in days; C.l.= 95% confidence interval
^ butylate -1- atrazine
® alachlor + atrazine
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Table 5. Weekly precipitation totals referenced to date of planting for the Knoxville Plant
Science Farm in the 1992 and 1993 seasons.
Year

WAT'

1992

1993
-cm-

-1

0.25

5.38

0

3.35

0.91

1

1.49

0.74

2

1.32

0.00

3

1.02

5.49

4

1.93

0.25

5

7.52

2.54

6

1.50

0.00

7

0.00

6.73

8

4.22

0.10

9

1.73

0.94

10

6.04

5.23

11

2.21

4.04

12

3.10

5.82

13

4.90

0.00

Total

40.9

38.2

3. per wk

2.72

2.54

WAT = weeks after treatment
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Table 6. Common cocklebur growth response to herbicide treatments as determined by
density (28 DAT), height (42 DAT), and biomass (55 DAT) in the 1992 growing season
Crop + Herbicide

Density

Height

Biomass

28 DAT

42 DAT

55 DAT

plants m"^

cm

kg m"^

corn + atrazine^

81

20

0.61

corn + cyanazine

57

28

1.10

corn + untreated

183

71

3.60

corn + atrazine^

166

31

1.75

soybean + clomazone

120

36

2.77

soybean + metribuzin

100

44

4.07

soybean + imazaquin^

77

7

0.54

soybean + imazaquin'

89

6

0.59

no-crop + clomazone

81

34

2.36

no-crop -1- metribuzin

78

39

3.19

no-crop -t- atrazine^

54

17

1.59

no-crop -1- imazaquin'

104

6

0.48

LSD (0.05)

51

13

1.37

^ butyiate + atrazine
^ alachlor + atrazine

® pendimethalin + imazaquin
* alachlor + imazaquin
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Table 7. Common cockiebur growth response to herbicide treatments as determined by

density (27, 45 DAT), height (27, 45 DAT), and biomass (57 DAT) in the 1993 growing

season.

Height

Density

Crop + Herbicide

Biomass
DAT

DAT

DAT
45

27

45

27

Plants m"^

57

kg m'^

cm—

corn + atrazine^

75

30

6

34

0.49

corn + cyanazine

79

65

7

40

1.59

corn + untreated

138

105

10

51

2.84

corn + atrazine^

69

41

6

40

0.20

soybean + ciomazone

94

71

6

28

0.84

soybean + metribuzin

115

65

7

29

1.24

soybean + imazaquin^

89

52

7

33

0.29

soybean + imazaquin"

75

44

6

33

0.21

no-crop + ciomazone

79

71

9

39

0.79

no-crop + metribuzin

91

87

8

36

1.53

no-crop -t- atrazine'

81

39

7

34

0.84

130

60

8

43

0.34

60

39

5

9

0.21

no-crop -1- imazaquin"
LSD (0.05)

' butylate + atrazine
^ aiachior + atrazine

'pendimethalin + imazaquin
* aiachior + imazaquin
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Table 8. Correlation of common cocklebur growth response (density, height, biomass) to
1992 herbicide concentrations on sampling dates, DTgo values and crop presence.

Factor

Density

Height

Biomass

28 DAT

42 DAT

55 DAT

plants m'^

-cm-

-kg m^-

«■

NS

NS

NS

NS

DT,60

NS

NS

NS

Metribuzin cone

NS

NS

NS

crop

NS

NS

NS

DTeo

NS

NS

NS

Clomazone cone

NS

NS

NS

crop

NS

NS

NS

DT,6 0

NS

NS

NS

Atrazine cone

NS

crop

*, significant at the 5% level; NS, Not a significant correlation.
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Table 9. Average atrazine, metribuzin and ciomazone concentrations at 28, 42, and 55
DAT in the 1992 growing season.

Crop + Herbicide

Concentration
28 DAT

42 DAT

55 DAT

ug g'
corn + atrazine^

0.70

0.46

0.33

corn + atrazine^

0.73

0.51

0.32

no-crop -1- atrazine^

0.57

0.33

0.22

soybean + metribuzin

0.08

0.03

0.03

no-crop -f metribuzin

0.25

0.17

0.13

soybean + ciomazone

0.60

0.63

0.69

no-crop + ciomazone

0.63

0.51

0.53

'butyiate + atrazine
^ alachlor + atrazine
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Table 10. Correlation of common cocklebur growth response (density, height, biomass) to
1993 herbicide concentrations on sampling dates, DTgo values, and crop presence.
Density
Factor

27 DAT

Height

45 DAT

27 DAT

2

Plants m'

Biomass

45 DAT

57 DAT

kg m"^

— cm

Atrazine cone

NS

NS

NS

NS

«*

crop

NS

NS

NS

NS

NS

DTeo

NS

NS

NS

NS

**

Metribuzin cone

NS

NS

NS

NS

NS

crop

NS

NS

NS

NS

*

DTec

NS

NS

NS

NS

*

Clomazone cone

NS

NS

NS

« *

NS

crop

NS

NS

*

*

NS

DTbo

NS

NS

NS

NS

NS

*, significant at the 5% level; **, significant at the 1 % level; NS, not a significant
correlation.
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Table 11. Average atrazine, metribuzin and ciomazone concentrations at 27, 45, and 57
DAT in the 1993 growing season.

Concentration

Crop + Herbicide
27 DAT

45 DAT

57 DAT

ug g'
corn + atrazine^

0.60

0.41

0.38

corn + atrazine^

0.59

0.48

0.44

no-crop + atrazine'

0.61

0.30

0.13

soybean + metribuzin

0.52

0.46

0.29

no-crop + metribuzin

0.14

0.13

0.10

soybean + ciomazone

0.70

0.49

0.53

no-crop + ciomazone

0.79

0.50

0.63

^ butylate + atrazine
^ alachior + atrazine
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Figure 2. Atrazine concentrations in 0 to 8 cm of Sequatchie loam soil in the 1992
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